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Method and apparatus for generating a modulated optical return to zero signal 



(57) The present invention generally relates to the 
field of signal generation and particularly to a method 
and an apparatus for generating a modulated RT2 sig- 
nal from a RTZ signal by driving an modulator with a 
non-RTZ signal. 

For the transmission of optical high bit-rate signals 
over a fibre mainly intensity modulated optical signals 
are used. To intensity modulate an optical signal with 
data formed by a bit sequence the optical power of an 
optical carrier is switched on and off according to the bit 
sequence. There are non-RTZ signals having a con- 
stant high power level for consecutive bits of the bit se- 



quence having a high level, and RTZ signals for which 
the power level is set back to zero within each bit inter- 
val. To correctly modulate the RTZ signal with the elec- 
trical non-RTZ signal a fixed phase relation between the 
two signals is necessary. 

The invention under consideration provides a meth- 
od and an apparatus for automatically aligning the phas- 
es of the RTZ signal and the non-RTZ signal by phase 
modulation ol one of the signals with an auxiliary signal 
and analysing the modulated RTZ signal generated 
from the signals. The analysis and the phase alignment 
are based on deviations in the mean signal power of the 
modulated RTZ signal. 
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Description 
TECHNICAL FIELD 

[0001] The present invention generally relates to the 
field of signal generation and particularly to a method 
and an apparatus for generating a modulated return-to- 
zero (RTZ) signal from a return-to-zero signal by driving 
an modulator with a non-return-to-zero (non-RTZ) sig- 



BACKGROUND OF THE INVENTION 

[0002] For the transmission of optical high bit-rate sig- 
nals over a fibre mainly intensity modulated optical sig- 
nals are used. To intensity modulate an optical signal 
with data formed by a bit sequence the optical power of 
an optical carrier is switched on and off according to the 
bit sequence. There are non-RTZ signals having a con- 
stant high power level for consecutive bits of the bit se- 
quence having a high level, and RTZ signals for which 
the power level is set back to zero within each bit inter- 
val. 

[0003] It is known to generate an optical RTZ signal 
from an electrical non-RTZ signal with a modulator, e. 
g. a interferometer such as a Mach-Zehnder interferom- 
eter, a directional coupler, or an electro-absorption mod- 
ulator. A modulator for generating a data modulated op- 
tical RTZ signal is known e. g. from EP 0 718 990 A2, 
which is incorporated by reference herein. 
[0004] To generate the data modulated optical RTZ 
signal an optical RTZ signal is first generated, e. g. by 
driving a laser with a sinusoidal reference clock signal, 
having a frequency according to the bit rate. The optical 
RTZ signal is coupled to a modulator which is driven by 
an electrical non-RTZ signal, which represents a bit se- 
quence of the data to be modulated on to the optical 
RTZ signal. The modulated RTZ signal is available at 
an output of the modulator. To correctly modulate the 
optical RTZ signal with the electrical non-RTZ signal a 
fixed phase relation between two signals is necessary. 
This is because, on the one hand, pulses of the optical 
RTZ signal forming the logic high level of the modulated 
RTZ signal should not be distorted and on the other 
hand pulses of the optical RTZ signal have to be suffi- 
ciently suppressed to form the logic low level of the mod- 
ulated RTZ signal. The phase relationship needed is 
generated by manually adjusting a delay line delaying 
one of the signals. This is a cumbersome and time con- 
suming process. Further problems with the phase rela- 
tion of the non-RTZ signal and the optical RTZ signal 
are due to temperature change and ageing of compo- 
nents used to generate the modulated RTZ signal. This 
causes variations in the propagation times of the non- 
RTZ signal and the optical RTZ signal which results in 
a phase shift and thus in a deterioration of the modulated 
RTZ signal. 



SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present inven- 
tion to provide method for generating a modulated RTZ 
^ signal from a RTZ signal by driving a modulator with a 
non-RTZ signal. It is the aim of the inventive method un- 
der consideration to avoid the drawbacks known from 
the state of the art. 

[0006] The object is achieved by providing a method 
to for generating a mod ulated 'RTZ^i goal using as input 
signals an RTZ signal and a"non-RTZ signal, where the 
input signals are phase aligned by adding a phase de- 
viation to one of the input signals and analysing the gen- 
erated modulated RTZ signal to phase align the input 
7 5 signals. 

[0007] It is an other object of the present invention to 
provide an apparatus for generating a modulated RTZ 
signal from an RTZ signal by driving a modulator with a 
non-RTZ signal. It is the aim of the inventive apparatus 
20 under consideration to avoid the drawbacks known f rom 
the state of the art. 

[0008] The object is achieved by providing an appa- 
ratus for generating a modulated RTZ signal having 
means for generating an RTZ signal and a modulator 

2£ for modulating the RTZ signal with a non-RTZ signal, 
characterised by means for generating a periodic signal, 
means for modulating said periodic signal to RTZ signal, 
and means for analysing the modulated RTZ signal, and 
for phase aligning the RTZ signal to the non-RTZ signal 

30 on the basis of said analysis. 

[0009] An advantage of the present invention is that 
it allows automatic phase alignment of the input signals 
for generating a modulated RTZ signal in the presence 
of temperature changes or ageing of components, with- 

35 out the necessity of manual adjustments. 

[0010] The present invention will become more fully 
understood from the detailed description given herein- 
after and further scope of applicability of the present in- 
vention will become apparent. However, it should be un- 

40 derstood that the detailed description is given by way of 
illustration only, since various changes and modifica- 
tions within the spirit and scope of the invention will be- 
come apparent to those skilled in the art. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The following detailed description is accompa- 
nied by drawings of which 

^0 Fig. 1 is a schematic diagram showing an embod- 
iment of an apparatus for generating a mod- 
ulated optical RTZ signal according to this 
invention, 

55 Fig. 2 is a schematic diagram showing a second 
embodiment of means for generating an op- 
tical RTZ signal as used in Fig. 1, 
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Fig. 3 represents in part a) an optical RTZ signal; 

in part b) an electrical non-RTZ signal; and 
in part c) a modulated optical RTZ signal 
generated form the signals as shown in parts 
a) and b) of Fig. 3 ; 

Fig. 4 represents a typical transfer characteristic 
for an optical modulator being driven by an 
electrical non-RTZ signal and a resulting op- 
tical non-RTZ signal, and 

Fig. 5 represents modulated optical RTZ signals 
according to this invention. 

[0012] Identical denotations in different Figures rep- 
resent identical elements. Thin lines coupling compo- 
nents of the Figures represent electrical couplings. Bold 
lines coupling components of the Figures represent op- 
tical couplings. 

DETAILED DESCRIPTION 

[0013] Depicted in Fig. 1 is a schematic diagram 
showing an embodiment of an apparatus for generating 
a modulated optical RTZ signal according to this inven- 
tion. The apparatus includes means 1 for generating an 
optical RTZ signal, an optical modulator 4, a coupler 5, 
a photo converter 6, a first low-pass 7, a multiplier 8, a 
, second low-pass 9, a signal generator 11, two adders 
10 and 12, and a bias voltage generator 13. 
[0014] The means for generating an optical RTZ sig- 
nal 1 includes a signal generator 2, e. g. a phase locked 
loop having a voltage controlled oscillator, and a light 
source 3, e. g. a laser, which is driven by the output sig- 
nal of the voltage controlled oscillator 2. The voltage 
controlled oscillator 2 has a first input S to synchronise 
the oscillator 2 to a reference clock signal e. g. a refer- 
ence clock signal used in an optical transmission sys- 
tem, and a second input C for a control voltage, the gen- 
eration of which will be explained below, to control the 
phase of the output signal of the voltage controlled os- 
cillator 2. The optical RTZ signal is available at an output 
RZ of means 1 , being the output of the laser 3. 
[0015] Fig. 2 shows a second embodiment of means 
1 for generating an optical RTZ signal, which includes a 
signal generator 2, e. g. a voltage controlled oscillator, 
and a light source 3, e. g. a laser, which operates as a 
continuous wave laser. Means 1 further includes an op- 
tical modulator 21 with an input for the output of laser 3 
and an input for an electrical control signal which is 
formed by an adder 23 of a bias voltage of a bias voltage 
generator 22 and the signal of the voltage controlled os- 
cillator 2. The voltage controlled oscillator 2 has a first 
input S to synchronise the oscillator 2 to a reference 
clock signal, e. g. a reference clock signal used in a op- 
tical transmission system, and a second input C for a 
control voltage, the generation of which will be explained 
below, to control the phase of the output signal of the 



voltage controlled oscillator 2. The optical RTZ signal is 
available at an output RZ of means 1 , being the output 
of the modulator 21. 

[0016] By way of example an optical RTZ signal is 

5 shown in Fig. 3 a). It shows a graph of the optical RTZ 
signal, as available at output RZ of the means 1 for gen- 
erating the optical^J^i^gnal, of time t versus optical 
power Pr2.*' ^—^^ " ~ 
[0017] The output signal RZ of the means .1 for gen- 

10 erating the optical RTZ signal is coupled to the modula- 
tor 4 which generates the modulated optical RTZ signal. 
The modulated optical RTZ signal is available at an out- 
put O. By way of example a modulated optical RTZ sig- 
nal O is shown in Fig. 3 c). It shows a graph of the mod- 

15 ulated optical RTZ signal O of time t versus optical pow- 
er P D . The modulator is driven via an input D by a non- 
RTZ voltage signal representing data. By way of exam- 
ple an electrical non-RTZ signal D is shown in Fig. 3 b). 
It shows a graph of the electrical non-RTZ signal D of 

20 lime l versus voltage V D , which is used for the modula- 
tion of the optical RTZ signal as shown in Fig. 3 a), to 
form the non-RTZ signal as shown in Fig. 3 c). The input 
non-RTZ voltage signal D is coupled to adder 12 and a 
bias voltage V B produced by bias voltage generator 13 

2S can bo added to adjust the input non-RTZ voltage signal 
D to the transfer characteristics of the modulator 4 as 
shown in Fig. 4. 

[0018] Fig. 4 shows at the fourth quadrant a graph of 
voltage V versus power P 4 of the modulator 4, here a 

30 Mach-Zehnder modulator, representing the non-linear 
transfer characteristics of the modulator 4. At the third 
quadrant of Fig. 4 a graph of time t versus voltage V D of 
the input non-RTZ voltage signal D is shown. To adjust 
the input signal D to the transfer characteristics of the 

35 modulator 4 the bias voltage V B of the bias voltage gen- 
erator 1 3 is added. At the first quadrant of Fig. 4 a graph 
of time t versus optical power P G is shown, which is gen- 
erated by modulator 4, if a continuous optical signal is 
input to modulator 4. In that case the graph represents 

40 an optical non-RTZ signal NRZ which is equivalent to 
input signal D being shaped by the modulator 4 accord- 
ing to the transfer characteristic of the modulator 4. 
[0019] Fig. 5 a) shows a graph of time t versus optical 
power P Ql representing the modulation of the optical 

45 RTZ signal RZ by modulator 4 of Fig. 1 . The non-RTZ 
signal NRZ as explained above with reference to Fig. 4 
is shown to facilitate the understanding of the modula- 
tion. Also shown is the optical RTZ signal RZ. Both sig- 
nals RZ and NRZ are phase aligned; i, e. there is no 

so phase deviation between signals RZ and NRZ with re- 
gard to times t, to t 3 . Every time, as shown for and t 3 , 
both signals RZ and NRZ have a high power level P c 
the output O of the modulator 4 also shows a high power 
level. In case the power level P Q of signal NRZ is zero, 

55 the modulator 4 will suppress signal F*Z as indicated by 
the hatched area, as shown for t 2 , thus modulating the 
RTZ signal RZ with the data contained in the non-RTZ 
signal NRZ. 
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[0020] Fig. 5 b) shows a graph of lime t versus optical 
power P 0 , with the RTZ signal RZ and the non-RTZ sig- 
nal NRZ having a time or phase deviation denoted as t. 
As can be seen from Fig. 5 b), the modulation of the RTZ 
signal RZ is deteriorated if the RTZ signal RZ and the 
non-RTZ signal NRZ are not properly phase aligned. 
Hatched areas a^ and a 3 are suppressed by the modu- 
lator 4 resulting in a reduced output level for the pulses 
of the modulated RTZ signal O at the output of the mod- 
ulator 4 forming the logic highs. Area a 2 in turn shows 
the incomplete suppression of pulses of the RTZ signal 
RZ forming logic lows of the modulated RTZ signal O at 
the output of the modulator 4. 

[0021 ] It also can be seen from Fig. 5 b) that, because 
of the non-linear transfer characteristics of the modula- 
tor 4, the mean output power of the output signal O de- 
pends on the time or phase deviation x between the RTZ 
signal RZ and the non-RTZ signal D. As the areas a^ 
and a 3 , which are suppressed due to the phase devia- 
tion t, are bigger than the area a 2 , which is added due 
to the phase deviation x, the mean output power of sig- 
nal O is reduced if there is a phase deviation x. 
[0022] Following reference to Fig. 1 is made to ex- 
plained how the reduced output power of signal O is 
used to automatically phase align the RTZ signal RZ to 
the non-RTZ signal D. The signal generator 11 , e. g. an 
oscillator, generates an auxiliary signal which causes a 
periodic phase deviation, e. g. a sinusoidal signal, hav- 
ing a frequency which is low compared to the frequency 
of the data signal D and the RTZ signal RZ respectively 
the synchronising signal S, to not negatively influence 
the signal. As these signals are in the range of GHz in 
modern optical transmission systems, e. g. 10 GHz. the 
frequency of the auxiliary signal and thus the periodic 
phase deviation is in the range of kHz, e. g. 5 kHz. The 
auxiliary signal is fed to input C of the voltage controlled 
oscillator 2 being part of the means 1 for generating the 
optical RTZ signal RZ which is phase modulated by the 
auxiliary signal to produce the periodic phase deviation. 
A low frequency modulation of this kind often is referred 
to as dithering. 

[0023] The RTZ signal RZ is then modulated as ex- 
plained above by modulator 4 and the periodic phase 
deviation causes a reduced mean output power as also 
explained above. The output signal O of the modulator 
4 is fed to coupler 5 which couples out an optical signal 
having a part of the energy of the output signal O, e. g. 
five percent of the total energy of the output signal O, 
The out coupled optical signal is fed to photo converter 
6, e. g. a photo diode, and converted to an electrical 
signal. The electrical signal is coupled to low pass filter 
7 which only allows low frequency signals, being in the 
frequency range of the auxiliary signal, e. g. S kHz, to 
pass. The resulting signal is mixed by multiplier 8 with 
the auxiliary signal of signal generator 11 , causing a de- 
modulation of the resulting signal. The demodulated sig- 
nal containing information about the direction of the 
phase deviation between signal RZ and input signal D 



is then fed to low pass filter 9 to remove higher order 
signals generated at mixing with multipliers. The filtered 
signal is subtracted with adder 10 from the auxiliary sig- 
nal generated by signal generator 11 and coupled to in- 
5 put C of the means 1 for generating the RTZ signal RZ. 
In that way forming an control loop for the phase adjust- 
ment. 

[0024] For those skilled in the art it is obvious that in- 
stead of dithering the RTZ signal RZ the input signal D 

7a': C a^De?cyth|r;ed. 

Claims 

15 1. Method for generating a modulated RTZ signal us- 
ing as input signals an RTZ signal and a non-RTZ 
signal, where the input signals are phase aligned 
by adding a phase deviation to one of the input sig- 
nals and analysing the generated modulated RTZ 

20 signal to phase align the input signals. 

2. Method according to claim 1 , . 
characterised in that 

said phase deviation is a periodic deviation. 

2S 

3. Method according to claim 1 or 2, 
characterised in that 

said phase deviation has a frequency substantially 
lower than the frequency of both of the input signals. 

30 

4. Method according to one of the claims 1 to 3, 
characterised in that 

said phase deviation has a sinusoidal form. 

35 5. Method according to one of the claims 1 to 4, 
characterised in that 

the power level ol the generated modulated RTZ 
signal is analysed. 

40 6. Method according to one of the claims 1 to 5, 
characterised in that 

the RTZ signal is an optical signal, and the non-RTZ 
signal is an electrical signal. 

45 7. Apparatus for generating a modulated RTZ signal 
(O) having means (1) for generating an RTZ signal 
(RZ) and a modulator (4) for modulating the RTZ 
signal (RZ) with a non-RTZ signal (D), 
characterised by 

50 means (11 ) for generating a periodic signal, means 
(10,C,2) for modulating said periodic signal to the 
RTZ signal (RZ), and means (5 to 10) for analysing 
tho modulated RTZ signal (O), and for phase align- 
ing the RTZ signal (RZ) to the non-RTZ signal (D) 

55 on the basis of said analysis. 

8. Apparatus according to claim 7, 
characterised in that 
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said periodic signal generated by said means for 
generating (11) has a frequency substantially lower 
than the frequency of both the RTZ signal (RZ) and 
the non-RTZ signal (D). 

5 

9. Apparatus according to claim 7 or 8, 
characterised in that 

said means for generating (1-1) said periodicsignal 
qenerates a sinusoidal signal. 

10 

10. Apparatus according to claim 9, 
characterised in that 

said means for generating (11) said periodic signal 
is an oscillator. 

15 

11. Apparatus according to one of the claims 7 to 10, 
characterised in that 

said means (5 to 10) for analysing the modulated 
RTZ signal (O) analyses the power level of the mod- 
ulated RTZ signal (O). 20 

12. Apparatus according to one of the claims 7 to 11 , 
characterised in that 

the RTZ signal (RZ) is an optical signal, and 

the non-RTZ signal (D) is an electrical signal. 2B 
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